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In  this  study  the  use  of  solvent  extraction  technique  for  the  extraction  of 
bioactive  compounds  from  Zingiber  officinale  (Ginger)  was  investigated. 
The  effect  of  three  parameters  namely  extraction  temperature,  volume  of 
solvents  and  the  extraction  time  on  the  extract  yield  was  screened  using 
full  factorial  experimental  design.  The  experimental  runs  which  consist 
of  the  treatment  combinations  of  the  three  parameters  were  performed 
in  Soxhlet  extraction  apparatus  to  obtain  various  yields  of  the  ginger  oil 
extract.  The  results  revealed  that  the  extraction  temperature,  volume  of 
solvents  and  the  extraction  time  have  significant  individual  and 
interaction  effect  on  the  extract  yield  resulting  in  highest  extract  yield  of 
29.48%.  Based  on  the  pareto  analysis,  the  individual  effects  of  the  three 
parameters  on  the  extract  yield  can  be  ranked  as  follows:  extraction 
temperature  >  volume  of  solvent  >  extraction  time.  While  the  interaction 
effects  can  be  ranked  as  extraction  temperature -volume  of  solvent  > 
extraction  temperature -extraction  time  >  volume  of  solvent -extraction 
time.  The  GC-MS  analysis  of  the  ginger  oil  extract  revealed  the  presence 
of  24  different  components  with  various  medicinal  potentials. 


1.  Introduction 

Zingiber  officinale  is  a  medicinal  plant  which  belong  to  the  family  Zingiberaceae  with  origin  from 
Island  Southeast  Asia  [1].  It  is  commonly  used  as  condiment  and  spices  for  cooking  [2],  Zingiber 
officinale  has  been  reported  to  be  rich  in  bioactive  compounds  with  high  medicinal  values  which 
can  be  employed  as  antioxidants  and  in  therapeutic  treatment  [3].  Ghasemzadeh  et  al.  [4]  reported 
the  antioxidant  activities,  phenolic  and  flavonoids  contents  of  different  parts  of  ginger  plant.  The 
study  revealed  that  ginger  displayed  high  antioxidant  activities  which  validates  its  medicinal 
potential.  Also,  Nicoll  and  Henein  [3]  in  their  extensive  review  reported  the  various  application  of 
ginger  extracts  as  a  hot  remedy  for  cardiovascular  diseases.  The  review  showed  that  various 
laboratory  tests  on  animals  indicated  suitability  of  ginger  extract  as  anti-inflammatory,  antioxidant, 
anti-platelet,  hypotensive  and  hypolipidemic  effect.  The  presence  of  various  bioactive  compounds 
in  ginger  has  been  reported  to  be  responsible  for  its  medicinal  potentials.  Nishidono  et  al.  [5] 
identified  various  chemical  constituents  of  ginger  that  can  be  employed  for  thermogenesis.  Some  of 
the  bioactive  compound  identified  include  [10]-gingerol  [10]-shogaol,  [10]-gingerdiols  and  [10]- 
gingerdiols  3,5-diacetate. 

Exploring  the  full  medicinal  potential  of  ginger  is  often  constrained  with  challenges  of  extracting 
the  bioactive  compounds.  To  this  effect,  several  techniques  have  been  employed  for  the  extraction 
of  these  bioactive  compound  from  ginger.  Amiri  et  al.[6]  and  Ko  et  al.[7]  employed  subcritical  water 
extraction  technique  for  extraction  of  bioactive  compounds  from  ginger.  The  authors  investigated 
the  effect  of  parameters  such  addition  of  co-solvents,  temperature,  retention  time  and  particle  size 
on  the  yield  of  the  extraction.  The  use  of  supercritical  fluid  extraction  has  also  been  used  for 
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extraction  of  bioactive  compounds  from  ginger  as  reported  by  Salea  et  al.[8].  The  authors 
investigated  the  influence  of  pressure,  temperature,  and  carbon  dioxide  flow  rate  on  the  extraction 
yield  from  ginger.  Also,  enzyme-assisted  three  phase  partitioning  techniques  has  been  reportedly 
used  for  the  extraction  of  oleoresin  from  ginger.  The  study  revealed  that  the  yield  of  the  oleoresin 
obtained  from  ginger  was  improved  by  the  enzymatic  pre-treatment,  ionic  liquid-based  ultrasonic  - 
assisted  extraction  has  been  used  for  simultaneous  extract  of  hydrophobic  and  hydrophilic  bioactive 
compounds  from  ginger.  Effects  of  parameters  such  as  ionic  liquid  type,  ionic  liquid  concentration, 
solid/liquid  ratio,  ultrasonic  power,  extraction  temperature  and  extraction  time  on  the  recovery  of 
gingerols  were  investigated.  The  study  revealed  that  the  ionic  liquid-based  ultrasonic-assisted 
extraction  substantially  enhanced  the  yield  of  total  gingerols  and  shortened  the  extraction  time.  A 
recent  study  by  Uwadiae  et  al.  [9]  investigated  the  optimization  of  oil  yield  from  ginger  using  D- 
optimal  approach.  An  optimum  condition  of  82.22  °C,  300  ml  and  30  min  were  obtained  for  the 
extraction  temperature,  volume  of  solvent  and  extraction  time,  respectively.  However,  initial 
screening  of  the  factors  to  determine  their  significant  effect  for  optimization  studies  was  not 
reported.  The  present  study  therefore  focuses  on  screening  the  effect  of  extraction  temperature, 
volume  of  solvent  and  extraction  time  on  bioactive  compounds  from  ginger  using  full  factorial 
design  of  experiment.  Full  factor  design  has  been  employed  for  screening  of  process  parameters 
prior  to  optimization  study  as  reported  by  Hossain  et  al.[10]. 

2.  Methodology 

2.1  Materials 

The  ginger  used  for  the  study  was  purchased  from  a  local  market  in  Benin  City,  Edo  State,  Nigeria. 
The  ginger  was  cut  into  smaller  piece  in  order  to  facilitate  the  rate  of  drying.  Subsequently,  the 
gingers  were  sun  dried  for  about  3  weeks  to  reduce  its  moisture  and  prevent  bio-contamination  by 
fungal  growth.  The  dried  ginger  was  thereafter  ground  to  powdery  form  for  ease  of  solvent 
penetration. 

2.2  Method 

Full  factorial  design  was  employed  to  generate  the  number  of  experimental  runs  based  on  the 
extraction  temperature  (78  °C-90  °C),  extraction  time  (30  -90  min)  and  volume  of  the  solvent  (300- 
400).  The  detail  of  the  experimental  design  is  shown  in  Table  1.  The  extraction  process  was 
performed  batchwise  using  Soxhlet  apparatus  as  reported  by  Azian  et  al.[ll].  For  a  typical  run,  a 
fixed  mass  (30g)  of  dried  ginger  in  powdery  form  was  placed  in  the  extractor  section  of  the  Soxhlet 
apparatus.  For  the  first  run  shown  in  Table  2,  300  ml  of  ethanol  was  measured  into  the  distillation 
flask.  The  heating  mantle  was  set  to  a  temperature  of  90  °C  for  90  min.  The  vapour  containing  the 
bioactive  component  were  trapped  at  the  Soxhlet  extractor.  After  90  min,  the  ethanol  in  the  extractor 
was  poured  back  into  the  distillation  flask  and  the  one  contained  in  the  ginger  sample  was  pressed 
into  the  distillation  flask.  The  extract  was  collected  from  the  distillation  flask  and  subsequently 
analyzed  using  GC-MS  to  determine  the  various  components.  The  procedure  was  repeated  for  all 
the  runs  at  constant  mass  of  30g.  The  yield  of  the  extracted  ginger  oil  was  calculated  as  shown  in 
Equation  (1) 

Yield  (ginger  oil)(%)  =  x  100  (1) 

where 

Y  is  the  yield  of  the  ginger  oil  (%),  C  is  capacity  of  the  ginger  oil  by  the  Soxhlet  apparatus,  W  is  the 
weight  of  the  ginger. 
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Table  1:  Detail  of  the  parameters  used  for  the  Full  factorial  experimental  design 


Factors 

Name 

Units 

Low  Actual 

High  Actual 

Low  Coded 

High  Coded 

Mean 

Std.  Dev. 

A 

Extraction  Temperature 

°C 

78 

90 

-1 

1 

84 

6 

B 

Volume  of  solvent 

ml 

300 

400 

-1 

1 

350 

50 

C 

Extraction  time 

min 

30 

90 

-1 

1 

60 

30 

3.  Results  and  Discussion 

3.1  Full  factorial  experimental  design 

The  extraction  yields  obtained  from  various  combinations  of  the  parameters  in  the  experimental 
runs  are  summarized  in  Table  2.  It  can  be  seen  that  the  extraction  yield  varies  depending  on 
combination  of  the  factors.  The  lowest  extraction  yield  of  13.25%  was  obtained  using  300  ml  of  the 
ethanol,  at  78°C  for  30  min.  While  the  highest  extraction  yield  of  29.48%  was  obtained  using  400 
ml  of  ethanol,  at  90  °C  for  90  min.  The  normal  plots  of  the  residual  of  the  actual  values  of  the 
extraction  yield  is  depicted  in  Figure  1 .  The  data  points  are  normally  distributed. 


Table  2:  Detail  of  full  factorial  experimental  design  showing  the  factors  and  the  response 


Experimental  runs 

Extraction  Temperature  (°C) 

Volume  of  solvent  (ml) 

Extraction  Time  (min) 

Extraction  yield 

(%) 

1 

78 

300 

90 

24.59 

2 

78 

400 

30 

17.00 

3 

78 

400 

30 

17.20 

4 

78 

400 

90 

28.00 

5 

90 

300 

90 

26.21 

6 

90 

400 

90 

29.48 

7 

90 

400 

90 

29.45 

8 

78 

300 

30 

13.23 

9 

90 

300 

30 

17.95 

10 

78 

400 

90 

23.95 

11 

90 

300 

90 

26.24 

12 

78 

300 

30 

13.25 

13 

78 

300 

90 

24.61 

14 

90 

300 

30 

17.99 

15 

90 

400 

30 

18.00 

16 

90 

400 

30 

18.21 
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Normal  plot  of  residuals 


Internal  studentized  residuals 


Figure  1 :  Normal  plots  of  the  residuals 

The  three-dimensional  plots  showing  the  effects  of  the  three  factors  on  the  extract  yields  are  depicted 
in  Figure  2-4.  Figure  2  shows  the  effect  of  volume  of  solvent  and  extraction  temperature  on  the 
extract  yield.  The  volume  of  the  solvent  and  the  extraction  yield  have  a  direct  linear  effect  on  the 
extract  yield.  This  implies  that  the  extract  yield  increases  with  increase  in  the  volume  of  ethanol  and 
temperature.  This  can  further  be  confirmed  from  the  analysis  of  variance  (ANOVA)  summarized 
in  Table  3.  The  p-values  of  the  individual  effect  of  volume  of  solvent  and  the  extraction  temperature 
are  <  0.05  which  implies  that  they  both  have  significant  effect  on  the  extract  yield.  Moreover,  the 
interaction  effect  of  the  volume  of  solvent  and  the  extraction  temperature  which  is  <  0.05  is 
significant  on  the  extract  yield.  The  highest  individual  effect  of  volume  of  solvent  was  achieved 
using  400  ml  of  ethanol  to  obtain  21.55%  of  ginger  oil  extract.  While  the  highest  individual  effect 
of  extraction  temperature  was  achieved  at  90  °C  resulting  in  22.48%  ginger  oil  extracted  from 
ginger.  Chen  et  al.[12]  has  reported  that  the  extraction  temperature  significant  influenced  ginger  oil 
yield.  Also,  Alfaro  et  al.[13]  reported  that  the  use  of  ethanol  as  solvent  of  extraction  significantly 
enhanced  ginger  oil  yield  compared  to  solvent  such  as  hexane,  petroleum  ether  and 
dichloromethane. 
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Figure  2:  Three-dimensional  plots  showing  the  effect  of  volume  of  solvent  and  extraction 

temperature  on  the  extract  yield 

Figure  3  shows  the  three-dimensional  plot  of  the  effect  of  extraction  time  and  extraction  temperature 
on  the  extract  yield.  Both  the  extraction  time  and  extraction  temperature  have  direct  linear  effect  on 
the  extract  yield  which  implies  that  an  increase  in  either  the  extraction  time  or  the  extraction 
temperature  will  result  in  a  corresponding  increase  in  the  extract  yield  [12].  As  it  can  be  seen  from 
Table  3,  both  the  individual  and  the  interaction  effects  of  the  extract  time  and  extraction  temperature 
on  the  extract  yield  are  significant  since  their  p-values  are  <  0.05.  At  extraction  time  of  90  min, 
there  was  a  significant  effect  on  the  extract  yield  which  was  obtained  as  25.45%  while  extraction 
temperature  has  significant  individual  effect  on  the  extract  yield  at  90  °C  [8]. 


Figure  3:  Three-dimensional  plots  showing  the  effect  of  extraction  time  and  extraction 

temperature  on  the  extract  yield 
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Figure  4  depicts  the  three-dimensional  plot  showing  the  effect  of  extraction  time  and  the  volume  of 
solvent  on  the  extract  yield.  A  direct  linear  effect  of  the  extraction  time  and  the  volume  of  solvent 
on  the  extract  can  be  inferred  from  Figure  4.  This  implies  that  an  increase  in  either  the  extraction 
time  or  volume  of  the  solvent  result  in  a  corresponding  increase  in  the  extract  yield.  This  can  further 
be  confirmed  from  the  individual  and  the  interaction  effects  of  the  two  parameters  which  has  p- 
values  <  0.05,  an  indication  that  these  parameters  are  significant  at  both  individual  and  interaction 
level.  The  ranking  of  the  individual  and  interaction  effects  of  the  extraction  temperature,  volume  of 
solvent  and  extraction  time  on  the  extract  yield  is  depicted  in  Figure  5.  The  individual  effects  of  the 
three  parameters  on  the  extract  yield  can  be  ranked  as  follows:  extraction  temperature  >  volume  of 
solvent  >  extraction  time.  While  the  interaction  effects  can  be  ranked  as  extraction  temperature- 
volume  of  solvent  >  extraction  temperature-extraction  time  >  volume  of  solvent-extraction  time. 
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Figure  3:  Three-dimensional  plots  showing  the  effect  of  extraction  time  and  extraction 

temperature  on  the  extract  yield 


Table  3:  Analysis  of  variance  of  the  three  factors  investigated 


Source 

Sum  of  Squares 

Df 

Mean  Square 

F  value 

P-value 

Prob>F 

Model 

456.79 

7 

65.26 

199.87 

<0.0001 

Significant 

A-temperature 

19.56 

1 

19.56 

487.61 

<0.0001 

B -volume 

0.035 

1 

0.035 

1725.61 

<0.0001 

C-time 

377.82 

1 

377.88 

30.06 

<0.0001 

AB 

8.75 

1 

8.75 

7.68 

0.0150 

AC 

23.64 

1 

23.64 

32.17 

<0.0001 

BC 

0.96 

1 

0.96 

43.08 

<0.0001 

ABC 

26.04 

1 

26.04 

0.0863 

Curvature 

19.78 

1 

19.78 

4.39 

0.5728* 
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Pareto  chart 
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Figure  5:  Pareto  chart  showing  the  order  of  significance  of  the  individual  and  the  interaction 

effects  of  the  parameters  on  the  extract  yield 

3.2  GC  analysis  of  the  ginger  oil  extract 

The  chromatogram  of  the  GC-MS  analysis  of  the  ginger  oil  extract  is  depicted  in  Figure  6.  The 
chromatogram  shows  the  presence  of  24  different  phenolic  compounds  in  the  ginger  oil  extract 
which  is  consistent  with  that  reported  by  Salea  et  al.[8].  Some  of  the  bioactive  compounds  identified 
from  the  ginger  oil  extract  include  gingerol,  paradol,  Trifluoromethyl  peroxy nitrate,  Formamide,  N- 
Formyl-N-meth  Propionanilide,  3-bicycloy  that  exhibit  antioxidants,  anti-tumor  and  anti¬ 
inflammatory  properties  [14].  Gingerol  also  known  as  [6]-  gingerol  has  been  identified  as  one  of  the 
most  bioactive  components  in  ginger.  It  possesses  some  interesting  pharmacological  activities  like 
analgesic  effect  [15]. 


Chraiixiugjani 


5CH  5R50  3PKJ  0  51  5&E2  OW  MR  Ml  Ft!nTP(T«dr.  HJittivmiTctIWi  tlFnin; 

G..C7G  C.Oifl  €.  1-00  LUOIL  033  tit 2  OLfii  1 .98  fDcrmirtdr.  £4  Fran: 

G.157  fi.liJ  Jj-ass  iJ-:M  i.t-J.  3CG29  1.11  IsrJiKiMcmtlTyj  pt™.>-EdirsM-  15 

G.CDI  CM3  GHZL  C2T4J  ].IZ  IJC  I .  El  □  i.|LiC|n,-fn  Jl-jCJ-.  (TJ.-  V 

T. H-t  7  2-33  7.35B  2TtW  2  41  1CM0T  IjGS  2:00  a.felrn  Z  wir.  ( .(I  2-^-.  fe 

MS9  a.CTG  BQ5B  32G066  3  3  JOE  CilZ2  98S  1.07  Trt^ramnJn.4  pcroxvnllnK TuJIim: 

U. ILO  O.QI2  S.L21  3JJLEH  3  082  £0004  ILtt  2.20  Ik-lUi-lh-t.rL.LiUjIlnfllr.I.I.StirluM’.yljL-Mta 

P2P7  0  275  flail  14752  123  P53T1  1 33  1.13  E.  a  Cs-Hinlir^rtinnv  £. fl.fi  dJicwtl^i  -1 1-5 

9. >10  ■9.M0  0.5GT  6A32L  529  J72SG  i.T-1  1 ,0£  L  cjrf^3re^i.£-J|.p)rti3Livl>.  : 

L I  .Ml  11  .Ml  3  3.333  578S  Oil.  4.tB3  flj&t  L.33  ME  S 

I  L.VT4  21.938  n.ElUZ  DCUi  G  «  US]  4  DCS  1 .3-1  N - (Eh I rkH ttjAJ  1 mi  j  1 1  LL-iyt  |ri I Ij, Lu nti  h-  1.1 

I  5.1  12  15  1W1  1 5  1 25  riHJ  0  >1  T202  OW  MR  MI  Tr4>  i-rc-TirfTyl  44  Tnnurrr 

IGJOCM  I G  OLT  3G.D5B  2S7ES  22G  190E3  2LS3  L.3&  Eiorxw.  eitntixjcrvzvlmcWn I- 

It.Ui  UL»U  :tJL,D  GZlKi  L41  tSftJl  &.7J  I .  L!  Ll  lOiLu,  j.  fLtcji:ki|j!:i.:ihe-|j-2->l 

IGvfqSi  10.425  1C.4CT  ITZS1  IJ-l  101341  I  LTn  |  ,C7  fVi^taciijuliir.  3,  (l'fcyi  ii|J2.VPr|a.2.i.q 

I0.C27  10  mu  3C95D  434J2  5  50  35011  &.3S  I.2S  Trt^KTnjFimhan-HilSniriir  arfrydvk-  K  M 

LMOt  J  GJSIT  38912  330GW  33.43  70997  LtJSG  L.IO  4-|J. Meshy l^ma.ttylJ.a.OJJhydro-l  2( 

LTJDdZ  17,012  1  7.UH3  ULZa  OKI  LG-1  U  DEC,  L.IO  2H  rt  1 1  i  iyn=ilp,-3-a  J 

LTJOS  1TKE?  ]T JHIJ  I35I4-  1  ID  TJOa  M2  l.RS  Trtri^rr^frtlijl  [■'-■^1^ **  TuFliwrt 

10.532  19.483  38  575  3J0CH[S  2833  170331  27.(2  1.81  N-dnirralhvIlhiri^rih^^^lhvlamlnr  S 

LHJE3*  19975  38925  BBfcl  Cl.iT  459G  &7I  2.IS  Ml  N  cDlriwh^hli^iraphL^ti^h^Btiw  I! 

Ln.iLQ  iujo-j  lfl  a&n  U&d  aor  icrni  zisa  zjqc  iia  ih^utt-, s.  i 

2P.T1&  OT  3ET  20  375  50Z30  3  |7  20337  322  |  .13  5  r^lir-rlv : 

3  3  42381  LOO  03  0L03Q3  ICOCO 


Figure  6:  The  chromatogram  of  the  GC-MS  analysis  of  the  ginger  oil  extract 
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4.  Conclusion 

This  study  examined  the  effect  of  extraction  temperature,  volume  of  solvent  and  extraction  time  on 
the  extract  yield  on  ginger  oil  using  full  factorial  experimental  design.  The  various  treatment 
combinations  of  the  parameters  resulted  in  different  values  of  the  extract  yields  of  the  ginger  oil.  The 
three  factors  were  found  to  have  significant  individual  and  interaction  effects  on  the  extract  yields  of 
the  ginger  oil.  The  individual  effects  can  be  ranked  as  extraction  temperature  >  volume  of  solvent  > 
extraction  time.  While  the  interaction  effects  can  be  ranked  as  extraction  temperature-volume  of 
solvent  >  extraction  temperature-extraction  time  >  volume  of  solvent-extraction  time.  Based  on  the 
GC-MS  analysis,  24  different  bioactive  compounds  with  various  medicinal  potentials  were  identified 
in  the  ginger  oil  extract.  The  optimum  conditions  of  the  bioactive  compounds  extraction  from  the 
ginger  can  further  be  investigated  using  the  three  parameters. 
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